Preeclampsia, a major cause of maternal and perinatal morbidity and mortality, is thought to be attributable to dysregulation of trophoblast invasion and differentiation. Microarray studies have shown that triggering receptor expressed on myeloid cells (TREM) 1, a cell surface molecule involved in the inflammatory response, is increased in preeclamptic placentas. The aim of this study was to determine the level of TREM-1 expression in severe early-onset preeclamptic placentas and its functional role in trophoblast differentiation. Placenta was obtained from women with severe early-onset preeclampsia (n ¼ 19) and gestationally matched preterm controls placentas (n ¼ 8). The TREM-1 expression was determined by quantitative reverse transcriptase polymerase chain reaction and Western blotting. The effect of TREM-1 small interfering RNA on cell fusion and differentiation was assessed in BeWo cells. The effect of oxygen tension on TREM-1 levels, in basal or forskolin-treated BeWo cells, was also assessed. The TREM-1 was localized to the syncytiotrophoblast layer, and TREM-1 messenger RNA and protein expression was significantly increased in preeclamptic placentas. The BeWo cells treated with forskolin were associated with increased TREM-1 expression. The TREM-1 knockdown inhibited forskolin-induced expression of the differentiation marker b-human chorionic gonadotropin but had no effect on the cell-fusion marker E-cadherin. The increase in TREM-1 expression in BeWo cells treated with forskolin during normoxic conditions was reduced in forskolin-treated cells under hypoxic conditions. In conclusion, TREM-1 is increased in preeclamptic placentas and by forskolin treatment. Knockdown of TREM-1 by RNA interference inhibits cell differentiation but has no effect on cell-cell fusion. Finally, we show that TREM-1 upregulation is attenuated under hypoxic conditions in which cell differentiation is impaired.
Introduction
Preeclampsia is one of the most serious complications of pregnancy, affecting approximately 5% of all pregnancies. It is a major contributor to maternal morbidity, mortality, preterm birth, and perinatal loss. Preeclampsia is a multisystem disorder affecting the maternal vasculature (causing hypertension), kidneys, liver, the hematological system, and the fetoplacental unit. 1 It can also affect the nervous system, causing cerebral edema and seizures (eclampsia). Preeclampsia is considered to be a 2-stage disorder; abnormal placental implantation in early pregnancy is followed by maternal endothelial dysfunction. 2 Fusion of the mononucleate cytotrophoblasts to form a nonproliferative multinucleated syncytiotrophoblast is critical for normal placental function. It has been shown to play a role in a number of processes including nutrient transport, hormone production, and immune tolerance. 3, 4 There are a number of factors that have been shown to regulate trophoblast fusion; these include cytokines, hormones, protein kinases, and transcription factors. 5 The mechanisms that control syncytiotrophoblast differentiation are still poorly understood; however, fusion of cytotrophoblasts can be induced by agents that increase cyclic adenosine monophosphate such as forskolin 6 and can be inhibited under hypoxic conditions. 7 Fusion of trophoblast cells is characterized by a decrease in the levels of the cell-adhesion molecule E-cadherin, 8 increased expression and secretion of human chorionic gonadotropin hormone (hCG), 6 leptin, 9, 10 and adiponectin. 11 Triggering receptor expressed on myeloid cells (TREM) 1 is a cell surface molecule implicated in the propagation of the inflammatory response. It is a 30-kD glycoprotein of the immunoglobulin (Ig) family. The TREM-1 consists of an extracellular domain, a transmembrane region that contains a conserved lysine residue, and a short cytoplasmic domain, which lacks any signaling motif. 12 The TREM-1 gene is mapped to human chromosome 6p21 and has been demonstrated to cluster with 6 other genes with related functions. These genes include TREM-2 and TREM-like transcript (TLT)-1 to TLT-5. 13 Engagement of TREM-1 induces the production of inflammatory chemokines and cytokines, such as interleukin (IL) 8 and tumor necrosis factor (TNF) a. 14 In addition, TREM-1 activation induces cancer proliferation 15 and differentiation of primary monocytes into immature dendritic cells. 16 In addition, it is regulated by hypoxia in mature dendritic cells. 17 Preeclampsia is a disease characterized by elevated levels of proinflammatory cytokines, such as C-reactive protein, IL-6, and others [18] [19] [20] [21] and dysregulated trophoblast differentiation. 22 Two recent studies using microarray analysis have revealed that TREM-1 is increased in preeclamptic placentas. 23, 24 However, the preterm samples, which were all preterm, were compared to either a combination of term and preterm controls 23 or term controls. 24 Thus, the first aim of this study was to confirm the microarray studies showing that TREM-1 is increased in preeclamptic placentas 23, 24 at both the messenger RNA (mRNA) and protein level in samples from severe early-onset preeclamptic and gestationally age-matched control placenta.
Given that TREM-1 plays a role in proliferation and differentiation, 15, 16 we next sought to examine TREM-1 expression in BeWo cells during syncytialization and tested the hypothesis that TREM-1 could facilitate the differentiation and fusion of cytotrophoblast into the syncytiotrophoblast. To do this, we used BeWo cells, a choriocarcinoma cell line that is widely used to study villous trophoblast fusion by adding forskolin. 25 The effect of TREM-1 knockdown, using small interfering RNA (siRNA), on trophoblast cell fusion and differentiation (E-cadherin and b-hCG), and proliferation and viability (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide [MTT] reduction test) were also assessed.
Materials and Methods

Study Population
The Research Ethics Committee of Mercy Hospital for Women approved this study. Written informed consent was obtained from all participating women. Placenta was collected prior to labor onset at caesarean section (to account for any effects of labour on the levels of the endpoints) and from singleton gestations. Placenta was obtained from normotensive preterm pregnancies (n ¼ 8) and those complicated by severe early-onset preeclampsia (n ¼ 19). Severe early-onset preeclampsia was defined as preeclampsia prior to 34 weeks gestational age in association with either blood pressure greater than 160 mm Hg systolic, 110 mm Hg diastolic, or proteinuria greater than 5 g/d. Hemolysis, elevated liver enzymes and low platelets syndrome was defined as hematological evidence of hemolysis, thrombocytopenia, and elevated liver enzymes. Babies were classified as having intrauterine growth restriction (IUGR) when birth weight was below the fifth percentile for gestational age calculated using www.gestation.net, which uses the principles of the Gestation Related Optimal Weight program. All preeclampsia (n ¼ 8) and preeclampsia-IUGR (n ¼ 11) cases were matched to control patients who also delivered preterm (n ¼ 8). Indications for preterm delivery (in the absence of preeclampsia) were prolonged prelabor rupture of the fetal membranes, placenta previa, or antepartum hemorrhage. All placentas collected from preterm pregnancies were swabbed for microbiological culture investigations and histopathological examination, and patients with chorioamnionitis were excluded from the analyses. The clinical characteristics for these populations have been described previously. 26 
Preparation of Placental Tissue
To ensure no sampling bias, placental lobules (cotyledons) were obtained from various regions of the placenta. The basal plate and chorionic surface were removed from the cotyledon. Placental tissue was blunt dissected to remove visible connective tissue and calcium deposits. Tissue samples were fixed and paraffin embedded for immunohistochemical analysis or snap frozen in liquid nitrogen and immediately stored at À80 C for RNA and protein analysis.
Immunohistochemistry
Immunohistochemistry in human placenta was performed according to our previously published methods. 27 Goat polyclonal anti-TREM-1 (sc-19309; Santa Cruz Biotechnology, Santa Cruz, California) was used at 2 mg/mL. Positive controls, which were composite slides with tonsil, breast tumor, and ovarian tumor, were included in each run. Negative control slides, where primary antibody was replaced with normal mouse IgG serum, were also included.
Gene Silencing of TREM-1 in BeWo Cells
The BeWo cells, steroidogenic human placental cell line derived from choriocarcinoma, were used to investigate the effect of siRNA-mediated gene silencing of TREM-1 on trophoblast fusion and differentiation. The BeWo cells were maintained in Dulbecco Modified Eagle Medium/Nutrient Mixture F-12 (DMEM/F-12) supplemented with 10% heatinactivated fetal calf serum (FCS), 100 U/mL penicillin, 100 mg/mL streptomycin, and 2 mmol/L L-glutamine, under a humidified atmosphere of 5% CO 2 in air. The day before transfection, approximately 1 Â 10 5 cells were seeded in each well of 12-well cell culture plates in DMEM/F-12 without antibiotics and incubated for 24 hours. The BeWo cells were transfected with SilenceMag reagent according to manufacturer guidelines (Oz Biosciences, France). Cells were transfected with either 150 nmol/L TREM-1 or 150 nmol/L nonspecific siRNA (Ambion, Austin, Texas) in DMEM/F-12 (supplemented with 10% heat-inactivated FCS, 100 U/mL penicillin, 100 mg/mL streptomycin, and 2 mmol/L L-glutamine) for 24 hours. Cells transfected with nonspecific siRNA were used as the vehicle. The medium was then replaced with DMEM/F-12 with 20 mmol/L forskolin (Sigma, St Louis, Missouri) or 0.02% dimethyl sulfoxide (DMSO; as a vehicle for forskolin) and the cells incubated at 37 C for an additional 48 hours. The concentration of forskolin used in this study was based on previously published studies. 28 The medium was then replaced with DMEM/F-12 containing 2% heat-inactivated FCS and cell incubated for an additional 24 hours. The MTT cell proliferation assay was performed (as detailed subsequently) or cells were collected and stored at À80 C until assayed for mRNA expression by quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) and protein expression by Western blotting as detailed subsequently. Medium was collected and stored at À80 C until assayed for hCG, as detailed subsequently. Six independent experiments were performed.
Hypoxic Experiments in BeWo Cells
To determine the effect of oxygen tension on TREM-1 levels, BeWo cells were grown to 70% to 80% confluence, then treated with 20 mmol/L forskolin or 0.02% DMSO (as a vehicle for forskolin) for 48 hours. The cells were then cultured in DMEM/F-12 containing 2% heat-inactivated FCS for a further 24 hours at 21% O 2 (normoxia) or 1% O 2 (hypoxia). Hypoxia was achieved by placing the cells in a multigas incubator (ASTEC, Fukuoka, Japan). Cells were collected and stored at À80 C until assayed for mRNA expression by qRT-PCR and protein expression by Western blotting as detailed subsequently. Medium was collected and stored at À80 C until assayed for hCG, as detailed subsequently. Six independent experiments were performed, in duplicate.
MTT Cell Viability Assay
Cell viability was assessed by the MTT proliferation assay.
To determine the viability of TREM-1 knockout cells, cells were transfected as described previously, however the MTT assay was performed after the 48 hours of forskolin treatment. At the end of the culture period, the culture medium was removed, and 10 mL of MTT solution (diluted in PBS at a concentration of 0.5 mg/mL) was added to 90 mL of the fresh culture medium. After a 4-hour incubation at 37 C, the medium was removed and the resulting MTT formazan crystals were dissolved with 100 mL of DMSO by pipetting up and down 30 times, and the absorbance was measured at a wavelength of 570 nm using the xMark microplate absorbance spectrophotometer (Bio-Rad Laboratories, Hercules, California). Each assay also included blank wells, containing only culture medium without cells. Three independent experiments were performed.
RNA Extraction and qRT-PCR
RNA extractions and qRT-PCR were performed according to our previously published methods. 27 We used predesigned primers from Qiagen (QuantiTect Primer Assays, Qiagen, Germantown, Maryland). The following primers were used: TREM-1 (catalogue number QT00046284), E-cadherin (catalogue number QT00080143), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH; catalogue number QTQT01192646). Average gene C T values were normalized to GAPDH of the same complementary DNA sample. Fold differences were determined using the comparative C T method.
Western Blotting
Western blotting was performed according to our previously published studies. 27 Goat polyclonal anti-TREM-1 (sc-19309; Santa Cruz Biotechnology) was used at 2 mg/mL, mouse monoclonal anti-E-cadherin (AB8993; Abcam, Cambridge, Massachusetts) was used at 1 mg/mL, and mouse monoclonal anticytokeratin 7 (M7018; Dako) was used at 2 mg/mL. Membranes were viewed and analyzed using the Chemi-Doc system (Bio-Rad Laboratories). Semiquantitative analysis of the relative density of the bands in Western blots was performed using Quantity One 4.2.1 image analysis software (Bio-Rad Laboratories). For protein loading control, blots were stained with 0.1% Ponceau-S in 5% acetic acid (Santa Cruz Biotechnology), rinsed in distilled water to clear background, then imaged using Quantity One software. 29 
The hCG Measurement in Culture Media
For hCG quantification, an enzyme immunoassay kit was used (DRG Diagnostics, Marburg, Germany), which is based on the sandwich principle and detects both whole hCG molecule and the free b-hCG subunit present in spent media. The assay was carried out according to the manufacturer's instructions. The results are expressed as hCG concentrations (after correction for background optical density) in mIU/mL. 
Statistical Analysis
Results
Expression and Localization of TREM-1 in Human Placenta
The localization of TREM-1 in placental sections was determined by immunohistochemistry in placenta. The TREM-1 was detected only in the syncytiotrophoblast layer ( Figure 1A) . No staining for TREM-1 was seen in the negative control ( Figure 1B ).
TREM-1 Is Increased in Preeclamptic Placentas
The gene and protein levels of TREM-1 were determined in 19 women with pregnancies complicated by severe early-onset preeclampsia and 8 women with preterm pregnancies not affected by preeclampsia. The baseline characteristics for these populations have been previously described 26 and depicted in Table 1 . The TREM-1 mRNA expression was quantified by qRT-PCR and protein expression by Western blot, and data expressed as fold change. The TREM-1 mRNA ( Figure 2A ) and protein ( Figure 2B ) expression was significantly higher in the preeclampsia group compared to the control preterm group (6.3-fold higher by mRNA and 2.6-fold by protein). To ensure that the reduction in TREM-1 expression level is not due to the reduced proportion of TREM-1-expressing trophoblasts, Western blotting of cytokeratin 7 was also performed. There was no difference in cytokeratin 7 protein expression between control and preeclamptic placentas. A representative image is shown in Figure 2B .
Forskolin Induces TREM-1 Expression
Placental trophoblastic differentiation is characterized by the fusion of monolayer cytotrophoblasts into syncytiotrophoblast. In this study, trophoblast-derived BeWo cells incubated with forskolin were used as a model system for trophoblast fusion.
Syncytialization was confirmed by significant downregulation of E-cadherin and upregulation of b-hCG. Cellular E-cadherin was reduced at both the gene ( Figure 3A ) and the protein (Figure 3B) level. E-cadherin mRNA was reduced by 35% in cells treated with forskolin. On the other hand, forskolin induced both hCG gene expression ( Figure 3C ) and secretion ( Figure  3D ). Forskolin-treated cells were 100-fold higher than basal at the mRNA level and 2.6-fold higher at the secreted level. When TREM-1 gene ( Figure 3E ) and protein ( Figure 3F ) levels were compared between basal and forskolin-treated cells, a higher level was detected in cells treated with forskolin (36-fold higher by mRNA).
Knockdown of TREM-1 in Forskolin-Treated BeWo Cells Decreases hCG Expression and Secretion
Since we found that BeWo cells treated with forskolin were associated with an upregulation of TREM-1, we hypothesized that TREM-1 may play an active role in driving the process of syncytialization. To test this hypothesis, we used RNA interference to knockdown TREM-1 expression. The BeWo cells were transfected with siRNA duplexes targeted to human TREM-1 mRNA (TREM-1 siRNA) or a nonspecific (NS) control which has no homology to any known mammalian gene, and then treated with forskolin to stimulate TREM-1 expression. The TREM-1 was efficiently downregulated by transfection with TREM-1 siRNA, as demonstrated by qRT-PCR and Western blot of BeWo cell lysates following forskolin treatment ( Figure 4A and B) . The TREM-1 mRNA was reduced by 55% and protein by 40%. The MTT reduction is proportional to the number of metabolically active cells and thus used as a marker of cell viability. The MTT cell viability assay showed that there was no effect of forskolin or TREM1 siRNA on cell viability (data not shown). We next examined the effect of TREM-1 knockdown on BeWo cell fusion and differentiation. We used E-cadherin as a marker of cell fusion and hCG as a marker of biochemical differentiation of BeWo cells. Fusion was confirmed by observing E-cadherin downregulation; however, there was no effect of loss of TREM-1 on E-cadherin expression ( Figure 4C and D). Forskolin treatment increased hCG mRNA by a factor of 38 and secretion by a factor of 2.6. Forskolin-induced hCG gene expression and secretion were significantly decreased in TREM-1 siRNA-transfected cells compared to NS control following forskolin treatment (reduction of mRNA by 35% and secretion by 15%; Figure 4E and F).
TREM-1 Expression in Syncytiotrophoblast Is Regulated by Oxygen Tension
Fusion of cytotrophoblasts is inhibited under hypoxic conditions, 7 and BeWo cells which are grown under hypoxia secrete less hCG than cells cultivated under normoxic conditions. 30 We thus propose that TREM-1 induction under hypoxia may be impaired. To test this, cells were grown to confluence, then treated with forskolin, and cultured at 21% O 2 (normoxia) or 1% O 2 (hypoxia) for a further 24 hours. The TREM-1 protein and mRNA levels were compared. Figure 5A and B shows that hypoxia significantly decreased TREM-1 expression by 50%. Furthermore, the induction of TREM-1 by forskolin at 24 hours was reduced under hypoxic conditions compared to normoxia at both the gene ( Figure 5A ) and the protein ( Figure 5B ) level. Likewise, and in support of previous studies, 30 hCG gene expression ( Figure 5C ) and secretion ( Figure 5D ) were also decreased under hypoxia, both in the absence and presence of forskolin.
Discussion
The present study demonstrates, for the first time, that TREM-1 expression, at both mRNA and protein level, is elevated significantly in severe early-onset preeclamptic placentas compared to gestational age-matched controls. The TREM-1 expression was present in the syncytiotrophoblasts. The localization of TREM-1 to the syncytiotrophoblasts correlates well with the expected localization of a protein that may be involved in the fusion process. Thus, in order to determine whether it indeed plays a role in this process, we used BeWo cells to examine the effects of syncytialization and hypoxia on TREM-1 expression. We also determined the effects of TREM-1 knockdown on BeWo cell proliferation and differentiation by studying biochemical markers of the syncytiotrophoblast. We have demonstrated for the first time that TREM-1 is expressed in BeWo cells, is upregulated in forskolin-differentiated BeWo cells, and is involved in BeWo cell trophoblast differentiation.
Syncytialization is an important event that is needed to cover the developing placental villi with healthy syncytiotrophoblast. The syncytiotrophoblast layer plays an important function during pregnancy, including nutrient exchange and the synthesis of hormones necessary for normal fetal growth and development. In keeping with its role in the proper functioning of the placenta, impaired cytotrophoblast proliferation, differentiation, and fusion of cytotrophoblasts with the syncytiotrophoblast fusion are associated with pathological clinical conditions such as preeclampsia or fetal growth restriction. [31] [32] [33] [34] Given that we found increased TREM-1 in preeclamptic placentas, we next sought to determine the effect of syncytialization on TREM-1 expression. To do this, we used an in vitro model of cultured villous trophoblastic cells, BeWo cells in which syncytial formation was induced by forskolin. 6 We found that TREM-1 gene and protein expression was significantly increased in cells treated with forskolin. Although placental anomalies associated with underperfusion and hypoxia are characterized by abnormalities in syncytiotrophoblast formation, [35] [36] [37] hypoxia has been shown to inhibit syncytial formation and reduce hCG production. 7, 30, 36 We also found that under hypoxic conditions, this increase in TREM-1 was reduced when compared to normoxic conditions. These data suggest that the inhibition of BeWo syncytialization under hypoxia conditions may be due, at least in part, to impaired TREM-1 induction. It should be noted that only 1 time point was used to look at TREM-1 expression after forskolin treatment; thus, the effect of forskolin treatment on TREM-1 early or late in the syncytialization process is not known. Nevertheless, our data show that TREM-1 is upregulated in the period following forskolin treatment.
Oxygen tension is a key regulator of trophoblast differentiation during placental development. During placentation, cytotrophoblasts localized in floating and anchoring villi can differentiate into 2 pathways; villous cytotrophoblasts fuse to form the syncytiotrophoblast layer, and anchoring villi cytotrophoblasts generate highly invasive extravillous trophoblasts that later migrate into the decidua and myometrium. 38 The extravillous trophoblasts within the myometrium induce spiral arteriole remodeling, producing the low-resistance vascular system necessary for fetal growth. Characteristic of this period of development is the physiological switch in oxygen tension. Early placental villous development occurs in a relatively hypoxic environment, stimulating cytotrophoblast proliferation. 39, 40 From 10 to 12 weeks, the intervillous space opens, where increasing oxygen tension allows the trophoblasts to differentiate into an invasive phenotype. 41 This switch in oxygen tension can fail leading to shallow trophoblast invasion which may result in abnormal placental development and preeclampsia. However, recent evidence suggests that in preeclampsia, hypoxia and reoxygenation (H/R) injury may be a possible etiologic factor for preeclampsia. 42 It is thought that the detrimental effects of H/R are due to its ability to generate high concentrations of free radicals. Oxidative stress has been found to disturb trophoblast invasion and differentiation. [43] [44] [45] It is possible that the increase in oxidative stress after 10 weeks gestation alters TREM-1 expression, which interferes with the syncytialization process and thus contributes to the preeclamptic phenotype. Although the effect of oxidative stress in TREM-1 expression is not known, in this study we report that hypoxia decreases TREM-1 expression in BeWo cells. It would thus be of interest to determine both the effect of H/R and the oxidative stress on TREM-1 expression.
Having established that TREM-1 is upregulated in differentiated BeWo cells, we then sought to determine how the loss of TREM-1, using siRNA, would affect this process. This was assessed by evaluating cell fusion using E-cadherin, 8 and cell differentiation using hCG. 46 In keeping with previous studies, 8 we found a significant decrease in E-cadherin gene and protein expression in forskolin-treated BeWo cells. However, in TREM-1 siRNA-treated cells, expression of the cell adhesion molecule E-cadherin was not affected. These data suggest that the loss of TREM-1 is not necessary for trophoblast cell-cell fusion. Of note, there was no effect of forskolin or TREM-1 siRNA on cell viability, as assessed by MTT assay.
The synthesis and secretion of hCG are considered to be a marker of syncytiotrophoblast differentiation. 46, [47] [48] [49] Recent studies have, however, suggested that hCG protein expression is not necessarily linked to syncytial fusion and proliferation. 28 In our study, as expected, forskolin induced hCG expression and secretion from BeWo cells. Of interest, we found that in response to forskolin, TREM-1 deficient cells exhibited significantly lower levels of hCG at the gene and protein level. We have shown that TREM-1 is a new regulator of hCG which is an essential placental hormone and suggest that TREM-1 may be necessary for trophoblast differentiation. Collectively, our data suggest that TREM-1 does not regulate cell-cell fusion and proliferation but regulates proteins that are produced by the multinucleated syncytiotrophoblast. Our knockout data in BeWo cells suggest that the downregulation of TREM-1 leads to reduced differentiation in the BeWo model, where the active processes of syncytialization are restricted. The mechanisms by which TREM-1 may affect BeWo differentiation may be due to its inflammatory actions. The TREM-1 is expressed by neutrophils, macrophages, and mature monocytes and has been described as an amplifier of the inflammatory response. 50 During inflammatory conditions, TREM-1 is upregulated and redirects myeloid cell differentiation and function, thus promoting inflammatory responses. 51 Ligation of TREM-1 stimulates production of the proinflammatory cytokines including TNF-a, IL-1b, and the chemokines IL-8 and monocyte chemotactic protein 1. 50 Inflammation is increased in women with preeclampsia, with activated macrophages and monocytes being further increased. 52 Circulating levels of IL-1b and TNF-a are elevated in preeclampsia, 53 and infusion of a low dose of lipopolysaccharide in rats at 14 days gestation establishes a preeclampsia model with hypertension and albuminuria. 54 There is evidence to link inflammation with the modulation of differentiation in BeWo cells and trophoblast cells. For example, proinflammatory cytokines can promote trophoblast fusion and induce hCG production in human BeWo cells. 55 Thus, it is possible that the elevation of TREM-1 in preeclamptic placentas could be due to the increase in associated inflammation; increased cytokine production may regulate the expression of TREM-1. Furthermore, TREM-1 may also promote differentiation by modulating the expression profile of chemokines/receptors and genes involved in syncytialization. For future studies, it would be of great interest to see whether TREM-1 plays a role in this regard by determining the expression of proinflammatory transcription factors such as nuclear factor kB and activator protein 1 in TREM-1-deficient cells.
A limitation of this study is that first trimester placenta was not available to examine the localization of TREM-1. In addition, the use of primary trophoblast cells would strengthen the data, and some caution needs to be taken when extrapolating the results obtained in the BeWo cells to normal trophoblast populations. Notwithstanding these limitations, BeWo is the most extensively used as a cell culture model to mimic in vivo syncytialization of placental villous trophoblast.
In conclusion, we have shown that TREM-1, which is localized to the syncytiotrophoblasts, is upregulated in placentas from severe early-onset preeclampsia. Further studies are required to determine whether TREM-1 is actively involved in the etiology of preeclampsia or if the increase in TREM-1 expression is a consequence of the disease. However, our studies do reveal a novel function for TREM-1 in possibly regulating trophoblast syncytialization. Although TREM-1 does not appear to play a role in BeWo cell fusion, it is required for the induction of hCG, a placental-specific protein that is associated with syncytialization. We have also shown that forskolin acts through TREM-1 to induce trophoblast syncytialization. Our results suggest that TREM-1 may play an important role in trophoblast function in normal and/or pathological pregnancies.
